R ecent in vivo studies using phosphorus-31 (31p) nuclear magnetic resonance spectroscopy (MRS) netom SP, Siemens, Erlangen, Germany) using a head coil. Localized 'H-MRS was achieved by stimulated echo acquisition mode. The suppression of the water proton signal was accomplished by preceding chemical shift selective radio frequency pulse to water proton.
T2-weighted transverse images and Ti-weighted coronal or sagittal images or both were taken to place the volume of interest (VOI). The VOI (3 x 3 x 3 cm, 27 cm3) was precisely localized centrally to the infarcted brain using two or three images (transverse and sagittal/ coronal). To avoid equivocal signal contamination from normal (nonischemic) tissue, we selected for this study patients who had a large infarcted area (major stroke) on MRI. Therefore, the VOI was placed within the infarcted area, and signal contamination from normal tissue was minimized. The echo and repetition times used in the present study were 270 and 1500 milliseconds, respectively. The total acquisition number was 500 scans. The total examination was completed in less than 45 minutes (imaging time, 15 minutes; preparation time for spectroscopy, 10 minutes; spectra acquisition time, 10 minutes). We did not demand a perfect shimming condition in clinical cases, especially in patients with cerebral stroke in the acute stage, so that the total examination time could be shortened as much as possible. Consequently, the time for the shimming procedure was limited to 5 minutes or less. In most cases, however, the half-width of the water proton peak, which reflects the degree of shimming, was less than 7 Hz, small enough for clinical evaluation of the acquired spectra.
The spin-echo time was set at 270 milliseconds, to provide in-phase conditions for the lactate methyl group (1.33 ppm) . In the chronic stage of infarction, which had a poor signal-to-noise ratio, the chemical shift of the residual water proton signal (4.7 ppm) was used as a reference to assign other low signals.
In our study, the longitudinal changes in the peak areas of NAA and lactate were analyzed. For this purpose, the control for these peak areas was obtained from the NAA peak on the contralateral side of the infarction. The ratio of the peak area of these two signals to the peak area of NAA on the contralateral side was calculated. Although 12 patients were exam- (Fig 1, bottom left) and a typical pattern of the infarcted brain in the acute stage (Fig 1, bottom right) . In normal 'H-MRS, three prominent signals were consistently detected: choline, phosphocreatine/creatine, and NAA. In the spectrum for the infarcted brain, in contrast, two major changes were observed: a decrease in NAA in the infarcted brainnamely, NAA, which is normally the most prominent signal, was lower than on the contralateral side -and an increase in the lactate signal.
Longitudinal changes in the peak areas of NAA and lactate in the acute stage are shown in Fig 2. The decrease in NAA appeared within hours after the onset of ischemia, and NAA was almost lost within 2 days. (Fig 5, top) , NAA decreased rapidly in the acute stage, and its signal became depressed below the noise level in the chronic stage. In one case (Fig 5, bottom) , NAA did not disappear completely but remained even in chronic infarcted brain. Other signals (choline and phosphocreatine/creatine) remained longer than NAA, although they decreased gradually and became depressed below the noise level in the chronic stage. The choline signal was likely to remain longer than other signals. But consequently, the spectrum in chronic infarction showed a severely decreased signal-to-noise ratio in most cases.
Discussion
Quantitative analysis using MRS is still controversial, especially in clinical MRS.7 The signal intensity observed in MRS is a multifactorial function. It is related to the condition of the measurement and relaxation time of each metabolite and "visibility" by nuclear magnetic resonance as well as the concentration of the metabolite. The absolute quantity can hardly be measured with this technique in clinical patients. However, under the same measurement parameters (repetition time and echo time), clinical 'H-MRS is relatively reproducible. The signal height is dependent on T2* time (practical transverse relaxation time ruled by true T2 time and inhomogeneity of static magnetic field), but the peak area is not seriously dominated by the T2* time (different shimming condition). Therefore, in our study, longitudinal changes in the peak areas of NAA and Therefore, in this study, the control for these peak areas was obtained from the NAA peak of the contralateral side of the infarction.
As described by Bruhn et 
